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Resuscitation of the Seriously III Child
The elaboration of techniques for the investigation and control of many physiological and biochemical aspects of bodily function has led to the concentration of such work in special units. The term intensive therapy has been used in adult medicine to describe the work of units for the treatment of acute and serious illnesses. This paper describes the scope of intensive therapy in paediatric practice.
Such a unit should have the following main divisions: (1) The usual ward offices including a consulting room and waiting room. (2) A minor operations theatre plus one or more cubicles where all the acute work is carried out. (3) A unit laboratory for gas analysis &c. (4) Sister's office and nursing station. (5) A convalescent area containing several beds or cots.
Scope ofIntensive Therapy The primary disease causing an acute illness frequently involves only one organ or system at first, producing only localized physiological effects, but as it progresses widespread biochemical and physiological disturbances may occur. By the time it endangers life, the circulatory system is invariably involved and most of the major physiological abnormalities contribute to, or are a consequence of, circulatory failure. The scope of this subject, therefore, is primarily the treatment of established circulatory failure and the early detection and treatment of factors contributing to it.
Respiratory Factors Contributing to Circulatory Failure The significance of cyanosis in a serious illness must be assessed. Although peripheral cyanosis is not necessarily of significance, it may be due to vasoconstriction associated with a low cardiac output, a low body temperature or both. If of central origin, it will be evident on inspection when the arterial oxygen saturation has fallen to 80% (45-50 mmHg). Measures to raise the Po2 are indicated, for a further fall may impair cardiac function and initiate anaerobic tissue metabolism.
Inadequate supply of oxygen to the tissues leads to anaerobic glycolysis with production of lactic acid and an increase in the lactate/pyruvate ratio (Huckabee 1958) . Lactic acid depletes buffer base and causes acidvmia. Once a low cardiac output occurs, transport of oxygen to the tissues may become grossly defective, lactate rapidly accumulates and the arterial pH may fall to a level of 7-7 1 in a matter ofminutes.
These changes impair myocardial function in two ways: (1) An inadequate oxygen supply to the myocardium reduces the amount of high energy phosphate compounds available and instead, anaerobic glycolysis assumes greater importance, but provides only-limited energy production (Michal et al. 1959 , Shea et al. 1962 , Meyer & Purdy 1961 . Cellular damage may also occur with severe hypoxia (De Haan & Field 1959) . (2) Acidmemia, whether due to base depletion or hypercarbia, reduces the sensitivity of the myocardial receptors to endogenous catecholamines and causes impairment of the contractile power of the ventricle (Thrower et al. 1959 , Darby et al. 1960 , Hift & Campos 1962 , Coleman & Glaviano 1963 . Acidaemia also increases the tendency to arrhythmia, especially ventricular fibrillation (Stewart 1964 (Stewart , 1965 Cyanosis when in an oxygen tent, a PCO2 in the arterial blood of over 60 mmHg and a rising respiratory rate are serious signs. Aspiration of secretions: In the breathless infant with an ineffective cough, secretions accumulate in the lower airway and cause deterioration which may prove fatal unless they are removed. This can be done by sucking out the bronchi through an endotracheal tube. Aspiration may be required on one or two occasions only and is performed through an oral endotracheal tube which is not left in situ. In other cases more frequent aspiration is required and it is necessary to leave in a naso-endotracheal tube for twenty-four to fortyeight hours. The accumulation of secretions is an important cause of death and accounts for about a quarter of the mortality of bronchopneumonia in infancy. Assisted ventilation: Further deterioration indicates progression of disease in the lung and it is then necessary to assist ventilation with a machine.
It is usual for the extent of the pneumonia on X-ray to progress for a few days before resolution commences. During ventilation, the Pco, frequently stays in the range of 60-90 mmHg. An inspired gas containing at least 50 % oxygen may be required to keep the patient pink, but 100% oxygen should always be avoided. Maximum humidity is essential to prevent obstruction to the tube. A special harness is used to keep the tub. in place and relaxant drugs are usually needed (Rees & Owen-Thomas 1966) .
Ventilation can be discontinued only when: (1) The patient is pink when ventilated on air. (2) The Pco2 is less than 45 mmHg. (3) There is X-ray evidence that resolution is occurring. (4) Rales in the lung fields are limited to small areas of the lung.
The tube is left in place after ventilation has been discontinued and removed only when the amount of secretion has diminished to a point at which the patient can control it himself by coughing it up. Unresolved pneumonia: Resolution does not always occur and over half of the patients requiring ventilation succumb. One group of unresolved pneumonias is due to virus infection. The measles virus causes a giant-cell type of pneumonia of which three examples have been seen; all progressed relentlessly and the patients died. One occurred in a child with leukaemia who developed measles followed by pneumonia; the second also followed measles, but in the third there was no preceding attack of measles. Three other patients with pneumonia due to an adenovirus infection took a similar course and died.
A staphylococcal pneumonia which deteriorates to the point at which ventilation is required frequently proves fatal and the cause of death is either a bronchopleural fistula which renders satisfactory ventilation extremely difficult, or a chronic, progressive pneumonia with multiple abscess formation, completely resistant to antibiotics. Early vigorous antibiotic treatment is the only hope of avoiding these situations.
There are undoubtedly other causes of unresolved pneumonia in ventilated patients and these are as yet ill-understood.
Pneumonia with early circulatory failure: There is a small group of pneumonias in early infancy in which circulatory failure and secondary renal failure occur early. There were 7-patients aged between 10 days and 61 months out of the first 56 cases of pneumonia admitted to the unit. The onset was usually very acute with a history of less than twelve hours during which the infant refused feeds and became unresponsive. There was pallor and mottled cyanosis; a slight increase of respiratory effort or short periods of apnoea; either no abnormal signs, or only a few crepitations efudible on examination of the chest, and the X-ray on admission was usually normal; there was evidence of a low cardiac output, oliguria or anuria.
The Mayerson 1951 Mayerson , 1952 . Capillary permeability varies with the vascular bed, being high in the liver and low in muscle ). The extent of colloid, fluid and electrolyte losses into extravascular spaces is uncertain in acute infections, but probably important. It is certainly so when there is an area of injured tissue as in burns or crush injuries (Markley et al. 1959 , Markley et al. 1961 (Rosoff et al. 1965) , so that the aim is not to achieve a normal intravascular volume, but to produce an optimal atrial filling pressure for the heart. This will vary with the state of the myocardium. Measurement another is connected to a drip bottle; the third is used for injections and taking specimens. The monitoring tube is filled from the drip bottle and the fluid column is allowed to run into the patient. The foot of the ruler is placed on a zero line running through the mid-atrium or mid-axillary line. A free rise and fall of fluid in the column must be seen when the ruler is moved about the zero level, or a false reading may be obtained. Central venous pressure and cardiac output: The venous pressure in acute circulatory failure is usually 0-5 cm of saline. Plasma or low molecular weight dextran is transfused in increments of 15-20 ml in infants and 50-100 ml in older children. In the case of a normally functioning myocardium, when the venous pressure has been raised to 10 cm, the arterial pressure will rise to 90 mmHg or more. If necessary, the venous pressure should be raised to 15 cm, and the arterial pressure may or may not then reach a normal figure; in either case, this is evidence of myocardial failure. The venous pressure should not be increased further, but sympathomimetic amines, hydrocortisone and digitalis may be required if the cardiac output remains unsatis-53 factory. The possibility of underlying congenital or acquired heart disease must be considered.
The adjustment of intravascular volume must be done with due regard to the pulmonary circulation, because high levels of venous pressure may cause pulmonary cedema, especially when the primary disease is in the lung.
Fluid and electrolyte losses: After instituting measures to improve the cardiac output, it is necessary to restore fluid and electrolyte losses from intra-and extra-vascular compartments. The possibilities of renal failure and adrenal insufficiency must be considered at this time. The replacement of sodium loss is as important as the restoration of blood or plasma loss (Darrow & Yannet 1935 , Elkinton et al. 1946 ). The administration of sodium and glucose, together with the return of the acid-base balance to normal, reduces the toxicity of high levels of potassium by driving it back into the cells. Later, as intracellular potassium is restored, it may be necessary to give potassium to maintain normal serum levels.
Adrenal Insufficiency
Adrenal cortical insufficiency causes a reduction of plasma volume with hypotension. Experimentally this appears to result from combined mineral and glucocorticoid deficiency (Swingle et al. 1937 , Swingle et al. 1957 , Swingle et al. 1959 , Reidenberg et al. 1963 . Both are necessary for survival in the shocked, adrenalectomized animal (Friedman et al. 1958 , Swingle et al. 1942 . Plasma corticosteroid levels tend to be raised in patients with severe infections, and low in meningococcal septicemia with adrenal hemorrhages (Melby & Spink 1958 , Kenny et al. 1964 . It would seem reasonable to give hydrocortisone whether or not there is evidence of adrenal insufficiency in acute, severe circulatory failure (Visser 1966) . Corticosteroids increase cardiac work and output, and potentiate the effect of sympathomimetic amines on the heart (Nahas et al. 1958 , Nasmyth 1957 (Goldberg 1961 , Atik et al. 1962 ).
There is evidence of tubular damage with possible distal obstruction (Oliver et al. 1951 Ischiemic injury causing renal failure has been encountered chiefly in the severe early pneumonia with azotxemia described in association with early circulatory failure.
The Peripheral Vessels and Blood in Circulatory Failure In circulatory failure, vasoconstriction occurs at the periphery in association with high levels of circulating sympathomimetic amines (Rosenberg et al. 1959 , Lillehei et al. 1964 , Nykiel & Glaviano 1961 . These substances help to maintain arterial pressure, but they reduce blood flow through peripheral vascular beds and diminish the oxygen supply to tissues. Although they are of value to maintain blood pressure over short periods of time, their prolonged use should be avoided because they may increase tissue hypoxia. It (Raab 1960 , Szakacs & Mehlman 1960 . At a late stage in failure, acidckmia diminishes the response of peripheral blood vessels to catecholamines and vasodilatation occurs (Burger & Visscher 1927 , Weil 1957 .
The blood becomes more viscous in circulatory failure due to the aggregation or sludging of red blood corpuscles (Harding & Knisely 1958) . Obstruction to capillaries and the effect of hypoxia on them causes capillary damage in important organs including the brain, kidney and heart (Fajers & Gelin 1959 , Swank & Nakamura 1960 . These effects can be minimized by using low molecular weight dextran instead of plasma or blood to expand the intravascular volume. It leads to improvement of the peripheral tissue circulation in low output states by reduction of blood viscosity (Thorsen & Hint 1950) . It is a colloid and increases the plasma volume for a period of sixty to ninety minutes by withdrawing water from the interstitial space. The coagulability of blood increases at first in low output states and later decreases, with depletion of clotting factors and the formation of platelet microthrombi which may obstruct peripheral vascular beds. This tends to occur particularly in irreversible circulatory failure (Robb 1963 , Hardaway 1962 . A low platelet count with deficiency of other clotting factors may be found in meningococcal septicxmia especially, and the use of platelet transfusion and fresh frozen plasma, with or without fresh blood, may be necessary.
In conclusion, it should be stressed that the key to effective treatment of the seriously ill child is the early detection ofthe physiological and biochemical abnormalities discussed and the application of appropriate therapeutic measures. in good time.
